— '4- 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 

International Bureau 




PCX 

IN TERNATIONAL APPUCATION PUBUSHED UNDER THE PATENT COOPERATION TREATY (PCT) 
(51) InternaUonal Patoit Classificatioii ^ : 



A61F 13/15 



A2 



(11) International Publication Number: 
(43) International Publication Date: 



WO 96/17569 

13 June 1996 (13.06.96) 



(21) InternaUonal AppUcation Number: PCT/US95/ 15488 

(22) International Filing Date: 30 November 1995 (30.1 1.95) 



(30) Priority Data: 

08/351.966 



8 December 1994 (08.12.94) 



US 



(71) AppUcant: KIMBERLY^ARK CORPORATION [US/US]; 

401 North Lake Street, Nccnah, WI 54956 (US). 

(72) Inventor: MILANI» John; 14120 Old Cogbum Road, Al- 

pharetta. GA 30201 (US). 

(74) Agents: ALEXANDER. David. J. ct al.; Kimbcriy-Clark 
Corporation, 401 North hakt Street, Ncenah, WI 54956 
(US). 



(81) Designated States: AM, AT, AU. BB, BG, BR, BY, CA, CH, 
CN. CZ, DE, DK, EE, ES. FI, GB. GE. HU, IS, IP, KE, 
KG. KP. KR. KZ. LK. LR. LT. LU, LV, MD. MG. MN, 
NfW, MX. NO. N2, PL, FT. RO. RU, SD. SE, SG. SI. SK, 
TJ. TM, TT, UA, UG. UZ. VN. European patent (AT. BE, 
CH. DE, DK, ES. FR. GB, GR. IE. IT. LU, MC. NL, PT. 
SE). OAPI patent (BF, BJ, CF, CO, CI. CM. GA, GN, ML. 
MR. NE. SN, TD. TG), ARIPO patent (KE, LS. MW, SD. 
SZ, UG). 



Published 

Without international search report and to be republished 
upon receipt of that report. 



(54) Title: METHOD OF FORMING A PARTICLE SIZE GRADIENT IN AN ABSORBENT ARTICLE 
(57) Abstract 

An absorbent structure containing an absorbent particle size 
gradient is disclosed. The absort)ent structure may also include 
a fiber size gradient. At leat one of the absorbent material and 
the fibrous material has been subjected to corona charging. The 
absorbent structure may also include absorbent paiticies coupled 
to loosely distributed fibers and more particularly, the absorbent 
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METHOD OF FORMING A PARTICLE SIZE GRADIENT IN AN ABSORBENT 

ARTICLE 



This invention relates to absorbent articles and methods of 
5 making the same. 

Disposable absorbent articles such as, for example, 
incontinence products, infant and adolescent care products 
such as diapers, and feminine care products are generally 

10 designed with various layers for performing different liqniid 
management functions. These functions include surge control, 
distribution of liquids, liquid absorption and retention and 
liquid barrier. To improve the overall liquid management of 
these products and other liquid absorbent articles, 

15 considerable time, effort and expense have been directed to 
improving the performance of the materials which are used to 
form one or more of these layers. 



The overall liquid management of an absorbent product may be 
20 considered to be the product's ability to not only absorb a 
liquid but also to transport or channel the absorbed liquid 
a desired location within the absorbent article for 
For example, in products such as diapers and 
feminine care products, liquid retention at the interface 
25 between the body and the product is generally not desired. 
It is generally desired that such products be designed to 
rapidly uptake and draw such liquids away from the 
body /product interface. A material layer which rapidly 
uptakes a liquid and moves the liquid away from the 
30 body /product interface is sometimes referred to as a surge 
layer or surge structure. Once the liquid has been drawn 
away from the body/product interface, the liquid is desirably 
channeled, via a distribution layer, toward and into one or 
more storage layers. These storage layers desirably hold or 
35 contain such liquid while minimizing reabsorption of the 
liquid by the surge layer. A barrier layer adjacent the 
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Storage layer ftuictions to contain the stored liquid within 
the product. 

The storage layer, for example, may be formed from fibers or 
5 a combination of fibers and absorbent particles. These fibers 
may be natural or synthetic. Examples of natural fibers 
suitable for forming the storage layer include, for example, 
cellulose fibers, wood pulp fibers, regenerated cellulose, 
cotton fibers, hydr ©entangled fluff pulp, fluff pulp, tissue 
10 and the like. Synthetic fibers may, for example, be formed 



15 



20 



35 



In some instances , the product may be required to withstand 
multiple liquid insults or wettings before being replaced. 
As such, the designers and engineers of such products are 
constantly challenged to develop innovative combinations of 

^j^^^j^ not only adequately manage surge, 
ion and retention of liquids from an initial 
wetting, but which also adequately manage liquids from 
subsequent wettings. The designers' and engineers* tasks are 
made more formidable in view of the business and economic 
realities of producing such products for disposable markets. 
Therefore, there exists a need to manufacture such absorbent 
articles having improved liquid management capabilities. 

Furthermore, some traditional absorbent article manufacturing 
practices have formed the storage layer from a combination of 
randomly distributed fibers and randomly distributed 



!. In other words, for example, analysis 
30 of fiber and absorbent particle 



storage layer would generally indicate that the distribution 
of large and small fibers and/or particles in these samples 
is generally uniform. Additionally, traditional absorbent 
article manufacturing practices have merely loosely combined 
the variously sized fibers and absorbent particles therein. 
By merely loosely combining the fibers and absorbent 
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particles within the absorbent article, vibrations, such as 
shipping and handling induced vibrations, may induce 
fiber/ absorbent particle segregation within the absorbent 
article. In some instances, such fiber /absorbent particle 
5 segregation may decrease the liquid management capabilities 
of the absorbent article. 

The object of the present invention is therefore to overcome 
these prior art deficiencies. This object is solved by the 
10 absorbent articles according to any of the independent claims 
1, 7, 21 and 22. 

r 

Further advantageous features, aspects and details of the 
invention are evident from the dependent claims, the 
15 description and the drawings. The claims are intended to be 
understood as a first, non-limiting approach to defining the 
invention in general terms. 

This invention relates to absorbent articles and methods of 
20 making the S2une. More particularly, the present invention 
relates to absorbent articles which include absorbent 
particles. 

In response to these traditional absorbent article 
25 manufacturing practices, the present invention provides for 
an absorbent article and methods of forming the same wherein 
the absorbent article includes a particle size gradient 
preferably having a coarse zone and a fine zone. The method 
of manufacturing an absorbent article having a length 
30 dimension, a width dimension and a height dimension comprises 
providing absorbent material, e.g. absorbent particles; 
subjecting said particles to corona charging; and forming 
with said particles a size gradient in at least one such 
dimension of the absorbent article. Particularly, the 
35 particle size gradient may extend along either the width 
dimension or the length dimension of the absorbent article 

3 
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and more particularly, the size gradient 
length dimension of the absorbent 
be aqueous liquid absorbent materials 



may extend along the 
The particles may 



5 The present invention further provides for an absorbent 
article and methods of forming the same wherein the absorbent 
article includes multiple-sized absorbent material and/or 
multiple-sized fibrous material and wherein at least one of 
the materials is present in the absorbent article in a size 

10 gradient. The according method of manufacturing an absorbent 
article having a. length dimension, a width dimension and a 
height dimension comprises providing fibrous material, e.g. 
multiple-sized loosely distributed fibers, and absorbent 
material, e.g. multiple-sized absorbent particles; subjecting 

15 said fibers and particles to corona charging; and forming 
with at least one of the multiple-sized materials a size 
gradient in at least one such dimension of the absorbent 
article. Particularly, the size gradient may be present in 
the width dimension or the length dimension of the absorbent 

20 article and more particularly, the size gradient may be 
present in the length dimension of the absorbent article. The 
particles may be aqueous liquid absorbent materials. The 
fibers may be natural fibers, synthetic fibers or a 
combination of natural and synthetic fibers. The size 

25 gradient in the absorbent article may include coarse and fine 
particle zones and/or coarse and fine fiber zones. 

When the absorbent article is formed from multiple sized 
fibers and multiple sized absorbent particles, both the 

30 multiple sized fibers and multiple sized absorbent particles 
may be formed in size gradients. In one embodiment, the 
coarse zone of fibers may be combined with the coarse zone of 
absorbent particles. Additionally, the fine zone of fibers 
may be combined with the fine zone of absorbent particles. 

35 In another embodiment, the coarse zone of the fibers may be 
combined with the fine zone of absorbent particles and the 
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coarse zone of the absorbeni: particles may be combined with 
the fine zone of fibers. 

The present invention further provides for an absorbent 
5 article and methods of forming the same wherein the absorbent 
article includes absorbent particles coupled to fibers. More 
particularly r the present invention provides for an absorbent 
article formed from absorbent particles which are 
electrostatically coupled to the fibers. 

10 

Still further, the present invention provides for an 
absorbent article and methods of forming the same wherein the 
absorbent article comprises absorbent material or fibrous 
material which has been subjected to corona charging. More 
15 particularly, the fibrous material may be loosely distributed 
within the absorbent article. 

Further features and advantages of this invention will become 
more readily apparent from the following detailed description 
20 when taken in conjunction with the accompanying drawings, in 
which : 

FIG. 1 is a schematic front view of an electrostatic 
separator for manufacturing an article of the present 
25 invention. 

FIG. lA is an enlarged fragmented perspective view of a 
portion of the apparatus illustrated in FIG. 1. 

30 FIG. IB is another embodiment of a portion of the apparatus 
illustrated in FIG. 1. 

FIG. 2 is a fragmented schematic cross sectional view of an 
absorbent article. 

35 

FIG. 2A is an illustration of a x, y and z axes grid. 

5 
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FIG. 3 is a perspective view of a portion of the apparatus 
illustrated in FIG. 1. 



5 FIG. 4 is a 

in FIG. 3 taken along lines 



view of the 

4-4. 



FIG. 5 is a cross 



10 invention. 



sectional view of 
manufacturing an article 



another embodiment of an 



15 



FIG. 6 is a cross 



invention. 



. 7 is a 



invention. 



sectional view of 
manufacturing an article 



embodiment of an 
of the present 



sectional view of 

an article 



embodiment 
of the 



of an 



20 FIG. 8 is a 



invention. 



sectional view of 
manufacturing an 



another embodiment of an 
article of the present 



. 9 is a cross sectional view of another 
apparatus for manufacturing an article 
invention. 



embodiment of an 
of the present 



FIG. 10 is a cross sectional view of 
apparatus for manufacturing an article 
30 invention. 



exDbodiment of an 
of the present 



35 



FIG. 11 is a cross sectional view of 
apparatus for manufacturing an 
invention. 



embodiment of an 
of the present 
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PIG, 12 is a cross sec1:ional view of another embodxinenl: of an 

apparat:u8 for manufacturing an article of the present 
invention. 

5 FIG. 13 is a schematic cross sectional side view of an 

apparatus for combining absorbent material with fibrous 
material • 



FIG. 13A is a cross sectional view of the structure 
10 illustrated in FIG. 13 taken along lines 13A-13A. 

FIG. 14 is a schematic cross sectional side view of another 
embodiment of the apparatus illustrated in FIG. 13. 

15 FIG. 15 is a graphic illustration of EXAMPLE 1 data. 

FIG. 16 is an alternate graphic illustration of EXAMPLE 1 
data . 

20 As used herein, the term "absorbent material" refers to a 
high-absorbency material and may further include "absorbent 
particles" or "fibrous absorbent materials". These high- 
absorbency materials are generally capable of absorbing an 
2uno\int of a liquid, such as water, synthetic urine, a 0.9 

25 weight percent aqueous saline solution, or other bodily 
liquids such as menses or blood, generally equal to at least 
10, suitably about 20, and in some embodiments up to about 
100 times the weight of the absorbent material being used. 
Typical conditions include, for example, a temperature of 

30 between about 0**C to about lOO'* C and suitably ambient 
conditions, such as about 23^C and about 30 to about 60 
percent relative humidity. Upon absorption of the liquid, 
the absorbent material typically swells and forms a gel. 

The absorbent material may be formed from an organic 

35 material, which may include natural materials such as agar, 
pectin, and guar gum, as well as synthetic materials such as 

7 
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synthetic polymers. Synthetic hydrogel polymers include, for 
example, carboxymethyl cellulose, alkali metal salts of 
polyacrylic acid, polyacrylamides , polyvinyl alcohol, 
ethylene maleic anhydride copolymers, polyvinyl ethers, 
> hydroxpropyl cellulose, polyvinyl morpholinone, polymers and 
copolymers of vinyl sulfonic acid, polyacrylates, 
polyacrylamides, and polyvinyl pyrridines. Other suitable 
polymers include hydrolyzed aery lonitrile-graf ted starch, 
acrylic acid-grafted starch, and isobutylene maleic anhydride 
copolymers and mixtures thereof. The polymers are preferably 
lightly crosslinked to render the material substantially 
water insoluble yet water swellable. Crosslinking may, for 
example, be by irradiation or by covalent, ionic van der 
Waals, or hydrogen bonding. Suitable absorbent materials are 
typically available from various commercial vendors, such as 
The Dow Chemical Company, Hoechst-Celanese , Allied Colloids 
Limited, or Stockhausen, inc. For example, Dow 2054 is a 
polyacrylate absorbent material available from The Dow 
Chemical Company and IM 3900 is a polyacrylate absorbent 
material available from Hoechst-Celanese. 



The absorbent material employed in the absorbent structures 
of the present invention suitably should be able to absorb a 
liquid under an applied load. For the purposes of this 
25 application, the ability of an absorbent material to absorb a 
liquid under an applied load and thereby perform work is 
quantified as the Absorbency Under Load (AUL) value. The AUL 
value may be expressed as the amount (in grams) of an aqueous 
0.9 weight percent sodium chloride solution which the 
absorbent material can absorb per gram of absorbent material 
under a load of, for example, about 0.3 pounds per square 
inch (approximately 2.0 kilopascals) while restrained from 
swelling in the plane normal to the applied load. The 
absorbent material employed in the absorbent structures of 
the present invention generally exhibit an AUL value of at 
least about 15, more suitably of at least about 20, and up to 
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about 50. The method by which the AUL value is determined is 
set forth in detail in U.S. Patents 5,149^335 and 5,247,072 
which are herein incorporated in their entirety by reference. 

5 The absorbent material is generally in the form of particles 
which, in the unswollen state, generally have noirmal cross- 
sectional diameters within the range of from about 10 |im and 
to about 850 /im, as determined by sieve analysis using U.S. 
Standard Sieves manufactured according to ASTH Ell-81 

10 specifications. It is understood that the particles of 
absorbent material falling within the ranges described above 
may comprise solid particles, porous particles, or may be 
agglomerated particles comprising many smaller particles 
agglomerated into particles falling within the described size 

15 ranges. 

The absorbent material may also be in the form of fibers. 
Fibrous absorbent material may generally have a length of 
between about 0.1 cm to about 15 cm and a diameter of between 
20 about 0.2 urn to about 300 /xm. 

As used herein, the term "size gradient" means a gradient 
having at least one "coarse zone" and at least one "fine 
zone". The term "size gradient" may refer to particles 

25 and/ or fibers. When the term "size gradient" refers to 
particles, the particle size gradient means a gradient having 
at least a coarse particle zone and at least a fine particle 
zone. The coarse and fine particle zones may abut each other 
or they may be separated by intermediate zones. . Such 

30 intermediate zones may include substantially particle-free 
zones, non-coarse zones, non-fine zones, or randomly 
distributed particle zones. 

A coarse particle zone may be defined as a zone wherein the 
35 percent by weight deficiency of small particles is greater 
than about 5%, and particularly greater than about 10%, and 

9 
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35 



more particularly greater than about 15%, and still more 
particularly- greater than about 20% of the otherwise random 
percent by weight distribution of such small particles within 
the sampled absorbent article. For the purpose of this 
definition, small particles may be considered to be particles 
of a smaller size as compared to other particles within the 
sampled absorbent article, or may be considered to be 
particles who's size falls within some small particle size 
range. The coarse particle zone may also be defined as a 
zone wherein the percent by weight surplus of large particles 
is greater than about 5%, and particularly greater than about 
10%, and more particularly greater than about 15%, and still 
more particularly greater than about 20% of the otherwise 
random percent by weight distribution of such large particles 
15 within the sampled absorbent article. For the purpose of 
this definition, large particles may be considered to be 
particles of a larger size as compared to other particles 
within the sampled absorbent article, or may be considered to 
be particles who's size falls within some large particle size 
20 range . 

A fine particle zone may be defined as a zone wherein the 
percent by weight deficiency of large particles is greater 
than about 5%, and particularly greater than about 10%, and 
more particularly greater than about 15%, and still more 
particularly greater than about 20% of the otherwise random 
percent by weight distribution of such large particles within 
the sampled absorbent article. For the pxirpose of this 
definition, large particles may be considered to be particles 
of a larger size as compared to other particles within the 
sampled absorbent article, or may be considered to be 
particles who's size falls within some large particle size 
range. The fine particle zone may also be defined as a zone 
wherein the percent by weight surplus of small particles is 
greater than about 5%, and particularly greater than about 
10%, and more particularly greater than about 15%, and still 
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25 



particularly greater than about 20% of 
random percent by weight distribution of such small particles 
within the sampled absorbent article. For the purpose of 
this definition, small particles may be considered to be 
particles of a smaller size as compared to other particles 
within the sampled absorbent article, or may be considered to 
be particles who's size falls within some small particle size 



10 When the term "size gradient" refers to fibrous absorbent 
material, the size gradient means a gradient having at least 
a coarse fibrous absorbent material zone and a fine fibrous 
absorbent material zone. The coarse fibrous absorbent 
material zone is defined by a majority by weight of such 

15 fibers therein having a diameter greater than about 100 Mm, 
for example, having a diameter between about 100 /rnn to about 
250 fim, and such as having a diameter between about 100 foa to 
about 150 im. The fine fibrous absorbent material zone is 
defined by a majority by weight of such fibers therein having 

20 a diameter less than about 100 nm, and for example having a 
diameter between about 10 fim to about 90 tim, and such as 
having a dieuneter between about 30 ^im to about 70 ^m. 



When the term "size gradient" refers to other fibers, the 
fiber size gradient means a gradient having at least a coarse 
fiber zone and at least a fine fiber zone. The coarse fiber 
zone is defined by a majority of the fibers therein having a 
diameter greater than about 10 fim. More particularly, the 
coarse zone of fibers is defined by a majority of the fibers 
30 therein sized from between about 10 nm to about 30 fim in 
diameter. The fine zone of fibers is defined by a majority 
of the fibers therein having a diameter less than about 10 fim 
and more particularly, the fine zone of fibers is defined by 
a majority of fibers therein having a diameter from between 
35 about 0.2 /xm to about 5 ^m. 
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When fibers are loosely distributed within the absorbent 
article, the length of such fibers is generally between about 
0.1 cm to about 15 cm, and particularly from about 0.2 cm to 
about 7 cm. Loosely distributed fibers include fibrous 
5 absorbent material and natural fibers and synthetic fibers. 

Generally, the orientation of a size gradient, particularly 
within an absorbent article, may be in either the x, y or z 
axis, i.e. the lencfth, width or height dimension, 
respectively, or a combination thereof. Desirably, the size 
gradient orientation, particularly within an absorbent 
article, will be along the length of the absorbent 
X axis of the absorbent article. 



10 



20 



30 



35 



15 Turning now to the drawings and referring first to FIG. i, an 
electrostatic separator 20 is illustrated. The electrostatic 
separator 20 includes a particle bin 22 having an upper 
portion 24 defining an opening 26 for receiving the absorbent 
particles. A lower portion 28 of the bin 22 converges and 
defines, in cross section, a generally V-shaped structure. A 
bottom portion 30 of the lower portion 28 is provided with a 
plurality of spaced apart openings 32 (FIG. lA) . A rotatable 
agitator 34 having a plurality of outwardly projecting 
agitator fins 36 is mounted within the bin 22 and above the 
25 bottom portion 30. A gate 38 is slidably mounted to the 
exterior of the bottom portion 30 of the bin 22. In this 
way, by selectively positioning the gate 38 with respect to 
the openings 32, the flow of absorbent particles exiting the 
bin 22 through the openings 32 may be controlled. The flow 
of absorbent particles can also be controlled by varying the 
speed of the agitator 34. 

Below the bin 22 is an absorbent particle channeling 
structure 40. The channeling structure 40 is funnel-shaped. 
The upper portions 41 and 42 of the channeling structure 40 
diverge upwardly and toward the bottom portion 30 of the bin 
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22 and define a receiving opening 44. The lower portions 45 
and 46 of 'the channeling structure 40 define a discharge 
opening 48. 

5 A gradient forming chamber 50 is generally positioned below 
the discharge opening 48 of the channeling structure 40. An 
electric field is formed within the gradient forming chcoober 
50 by an electric field initiating structure (hereinafter 
referred to as an "EFIS") to which a high voltage is applied. 
10 Spaced a distance from the EFIS is an electric field 
receiving structure (hereinafter referred to as an '*EFRS") to 
which voltage may or may not be applied. 

Referring to FIG. 1 for example, and not by way of 
15 limitation, such an EFIS may include a conductive wire 52. 
Suitable conductive materials for forming the wire 52 
include, but are not limited to, copper, tungsten and 
stainless steel. The EFRS may for example include a pair of 
spaced apart conductive plates 54 and 55. Suitable conductive 
20 materials for forming the plates 54 and 55 include, but are 
not limited to aluminum, steel and stainless steel. In this 
way, for example, upon the application of sufficient voltage 
to the wire 52 and grounding the plates 54 and 55, ions are 
generated at the wire 52. The electric field formed within 
25 the gradient forming chamber 50 directs these ions to flow in 
a direction from the wire 52 (EFIS) toward the plates 54 and 
55 (EFRS) . This condition is generally referred to as "corona 
discharge*' • 

30 With continued reference to FIG. 1, generally, in the 
operation of the electrostatic separator 20, a quantity of 
absorbent particles (not shown) is introduced, via the 
.opening 26, into the bin 22. By selectively controlling the 
direction of rotation and the rotational speed of the 

35 agitator 34, the dimension and position of the fins 36, the 
size of the openings 32, and the position of the gate 38 with 

13 
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respect to the openings 32, a controlled stream of absorbent 
particles exits the bin 22. 

The absorbent particle stream exiting the bin 22 enters the 
5 channeling structtire 40 via opening 44* The absorbent 
particle streeun is narrowed by the lower portions 45 and 46 
of the channeling structure 40 such that a narrow absorbent 
particle stream exits the discharge opening 48* Alternately, 
the channeling structure 40 may include a divider 47, as 

10 illustrated in FIG« IB. The divider 47 separates the 
channeling structure 40 into two chambers. Generally, the 
divider 47 extends from the receiving opening 44 to the 
discharge opening 48 of the channeling structure 40. In this 
way, the divider 47 may be used to segregate the absorbent 

15 particles entering the channeling structure 4 0 on one side of 
the divider 47 from the absorbent particles entering the 
channeling structure 40 on the other side of the divider 47. 
The divider 47 may also function to prevent the absorbent 
particles exiting the channeling structure 40 from striking 

20 the wire 52 and thereby prevents the particles from being 
deflected by impact with the wire 52. 

The lower portions 45 and 46 of the channeling structure 4 0 
have a dual function. First, as previously stated, the lower 

25 portions 45 and 46 train the absorbent particle stream 
entering the channeling structure 40 into a narrow particle 
stream. And second, the discharge opening 48 orients the 
narrowed particle stream exiting the channeling structure 40 
relative to the gradient forming chamber 50. For example, but 

30 not by way of limitation, as illustrated in FIG. 1, the 
channeling structure 40 orients the narrowed particle stream 
parallel to and near the wire 52. As the narrowed particle 
stream moves vertically through the gradient forming chamber 
50, the particles cross the path of the ions flowing from the 

35 wire 52 toward the plates 54 and 55. The particles become 

14 
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charged by intercepting a portion of these ions. Charging in 
this manner is generally referred to as "corona charging". 

As the particles continue to travel through the gradient 
5 forming chamber 50, the now charged particles within the 
stream tend to move in a generally lateral direction toward 
either plate 54 or 55 due to the electric field between the 
wire 52 and the plates 54 and 55. The acceleration of each 
particle in the lateral direction towards the plates 54 or 55 
10 is inversely proportional to the radius of the particle. 
Thus, assuming that the density of both the smaller and 



25 



particles accelerate more rapidly than the larger particles. 
In this way, the narrowed absorbent particle stream entering 

15 the gradient forming chamber 50 expands generally laterally 
as the stream travels through the gradient forming chamber 
50. The particle distribution within the expanded stream is 
such that the larger particles occupy a more central location 
within the expanded stream and the smaller particles occupy a 

20 more peripheral or lateral location within the expanded 
stream. As such, generally the particle size distribution 



example, from smaller particles to larger particles across 
the expanded particle stream is generally continuous. 



As will be discussed in greater detail below, upon exiting 
the gradient forming chamber 50, the expanded streaun of 
absorbent particles may be deposited on a support layer so as 
to form a size gradient of absorbent particles on the support 
30 layer. Additionally, the absorbent particles may be 
selectively directed or zoned, via discrete chambers, onto a 
support layer. In this way, a size gradient of absorbent 
particles may be formed on selected portions of the support 

35 
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As with the formation of the stream of absorbent particles 
exiting the bin 22, there are also a number of variables that 
affect the particle size distribution of absorbent particles 
within the gradient forming chamber 50 and ultimately the 
5 formation of the absorbent particle size gradient within the 
absorbent article. One such variable is the strength of the 
electric field. Higher voltages, of either positive or 
negative polarity, will produce stronger electric fields. 
Stronger electric fields will result in greater accelerative 

10 forces being exerted upon the charged particles which in turn 
will result in greater particle movement or particle 
deflection within the gradient forming chamber 50. Thus, by 
varying the strength of electric field, particle migration or 
particle deflection within the gradient forming chaiaber 50 

15 may be varied and thus controlled. 

One method of varying the electric field strength is to vary 
the voltage and polarity applied to the EFIS. Another method 
of varying the electric field strength is to vary the voltage 

20 and polarity applied to the EFRS. For example, referring 
again to FIG. 1, for a given voltage applied to the wire 52, 
if the plates 54 and 55 are isolated from earth ground and 
are charged to a polarity opposite to that applied to the 
wire 52, the electric field strength will increase 

25 proportionately to the voltage applied to the plates 54 and 
55. Conversely, if a voltage having the same polarity as 
that on the wire 52 is applied to the plates 54 and 55, the 
electric field strength will decrease in proportion to the 
voltage applied to the plates 54 and 55. An application of 

30 this technique may be useful for varying the distribution of 
the size gradients formed on either side of the wire 52. 
Different size gradients may be formed by applying a 
different voltage to the plate 54 than to the plate 55. 
These voltages may differ in both polarity and magnitude. 

35 
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Electric field strength is also dependent upon the physical 
distance between the EFIS and the EFRS. For a given applied 



proportional to the distance between these two structures. 

5 

For example, if the wire 52 represents the EFIS and the 
plates 54 and 55 represent the EFRS, the electric field 
strength can be increased by merely bringing the plates 54 
and 55 closer to the wire 52, or decreased by moving the 
10 plates 54 and 55 further from the wire 52. As such, the 
dimension and/or distribution of the size gradients on either 
side of the wire may be varied by placing one of the plates, 
for example plate 55 , at a different distance from the wire 
52 than the other plate, for example plate 54. 

15 

With continued reference to the EFIS/EFRS model described in 
the previous paragraph, another variable which may affect the 
particle size distribution within the gradient forming 
chamber 50 is the diameter of the wire 52. Since the charge 

20 density on a conductor is inversely proportional to the 
radius of curvature, the diameter of the wire 52 will affect 
the onset of corona discharge from the wire 52. As such, the 
corona discharge may occur at a lower applied voltage for a 
smaller diameter wire which in turn may permit the particle 

25 stream to be charged at a reduced average electric field 
strength. In some instances, the deflection of the particle 
stream may be reduced. The reduction in particle deflection 
may be overcome by increasing the applied voltage to the wire 
52. which in turn increases the average electric field 

30 strength. However, as the diameter of the wire 52 decreases, 
the wire's durability may be adversely affected. 

Another variable which may affect the particle size 
distribution within the gradient forming chamber 50 is the 
35 conductivity of the dielectric medium therein. If, for 
example, the dielectric medium is air, the selected electric 
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The flow of absorbent particles into 
chamber 50 may also affect the resulting 
gradient. As previously discussed, the partic] 
is formed by the unique reaction/acceleration 
variously sized charged particles within 
chamber 50. However, there are at 
related to the manner in which the absorbent 
which may affect the formation of the size 
these situations relate to the flow 
particles past the wire 52. 
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20 between a smaller particle and the wire 
effect is that the larger particle 
particle from the flow of charging ions 
particle is in the shadow of the 
therefore does not intercept any or 

the smaller particle 
As a result, the 
smaller particle is deflected within 
chamber 50 may be impaired. 
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In the second situation, the smaller particle 
between the larger particle and the wire 52. 
while the smaller particle is not shielded 
charging ions and is thus able to be charged 
within the gradient forming chamber 50 may 
as by collision with the larger particle. 



In this case, 
the flow of 



, its movement 
impaired, such 



18 



4 



WO 96/1 7569 PCTAJS9S/15488 

Bo^h "shielding" and "collision" effects bet:ween part:icles in 
the gradient forming chauonber 50 can be reduced by narrowing 
the particle stream entering the forming chamber 50. While a 
monolayer particle streaun would generally avoid these effects 
5 completely, in most commercial applications, such a narrow 
stream of particles would not be practical. 

While narrowing the particle stream may avoid some of the 
effects of particle "shielding" and/or "collision", narrowing 

10 the particle stream may also reduce particle throughput. 
However, the reduction in particle throughput may be 
compensated for by increasing the length of the narrow 
particle stream so as to form a narrow curtain-like particle 
stream. A particle curtain stream may be formed by 

15 maintaining the width of the discharge opening 48 while 
increasing the overall length the electrostatic separator, 
particularly the length of the bin 22, the channeling 
structure 40 and the gradient forming chamber 50 as 
illustrated in FIG. 3. 

20 

Another method which may increase the particle throughput 
would be to increase the velocity of the particles flowing 
through the channeling structure 40 and past the wire 52. An 
example of one method for increasing the particle velocity 

25 within, for exeunple, the gravity feed system illustrated in 
FIG. 1 would be to increase the distance between the 
receiving opening 44 of the channeling structure 40 and the 
bottom 30 of the bin 22. Another method of increasing the 
particle velocity would be by a forced gas induction means. 

30 In this case, the absorbent particles are metered into a 
stream of gas, such as air. The particle laden stream of air 
is directed into the channeling structure 40 for appropriate 
narrowing before passing into the gradient forming chamber 
50. It will be understood that any turbulent gas movement 

35 within the electrostatic separator 20, and particularly 
within the chamber 50, may also affect the particle size 
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distribution within the absorbent article. In each of these 
examples, since the absorbent particles are flowing faster 
through the gradient forming chamber 50, the design of the 
chamber may have to be modified to obtain the desired 
i distribution. Such modifications may include extending the 
height of the gradient forming chamber 50 and/or increasing 
the strength of the electric field therein. 

Another variable which may affect the particle size 
distribution within the gradient forming chamber 50 is the 
particle size distribution within the quantity of particles 
introduced into the bin 22. For example, where the quantity 
of particles in the bin 22 is made up of mostly large 
particles and only a few small particles, the mass 
distribution in the resulting particle gradient will not be 
uniform. In other words, there will be a greater mass 
concentration in the coarse zone than in the fine zone. 

Similarly, if the quantity of the particles in the bin 22 is 
made up of mostly small particles and only a few large 
P^i^ticles, again, the particle mass distribution will not be 
uniform. In this case, there will be a greater mass 
concentration in the fine zone than in the coarse zone. 

25 If the absorbent material is concentrated in such mass 
predominate zones, the licpiid management capabilities of the 
absorbent article may be diminished. If it is desirable to 
avoid the formation of such mass predominate zones within the 
absorbent article, the electric field strength may be varied. 

30 By varying the electric field strength, the mass predominate 
zones may be expanded. For example, if "large" is the 
predominate particle size within the quantity of particles, 
by increasing the electric field strength, the resulting 
coarse zone will be expanded. Or, if "small" is the 

35 predominate size within the quantity of particles, by 
decreasing the electric field strength, the resulting fine 

20 
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zone will be expanded. Additionally, the mixture of 
particles may be adjusted so that there is a predetermined 
amount of each particle size present in the bin 22. 
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to FIG. 2, an 
schematically illustrated having a thickness dimension, a 
width dimension and a length dimension. The thickness 
dimension of the absorbent structure 56 is indicate by the z 
axis of FIG. 2A. The length dimension of the absorbent 
structure 56 is indicated by the x axis of FIG. 2A and the 
width dimension of the absorbent structure 56 is indicated by 
the y axis of FIG. 2A. 

The absorbent structure 56 includes a plurality of functional 
zones, 58, 60, 62 and 64. Generally, each functional zone is 
in a juxtaposed and contacting relationship with adjacent 
functional zones. The first functional zone 58 may be porous 
and performs a liquid surge function. The second functional 
zone 60 may be porous and performs a liquid distribution 
function. The third functional zone 62 may be porous and 
performs a liquid storage function. The fourth functional 
zone 64 is desirably liquid impervious and performs a liquid 
barrier function. It is understood that while a plurality of 
layers may be combined into a single functional zone, or that 
25 a plurality of such functional zones may be combined into a 
single layer, for purposes of discussion, the absorbent 
structure 56 will be described herein as having separate 
layers for each functional zone. 

30 Generally, the pore size of the first functional zone 58 may 
be larger than the pore size of the second functional zone 
60. The first and second functional zones, 58 and 60 
respectively, may be a nonwoven fabric formed from fibers. 
More particularly, said nonwoven fabric may be formed from 

35 fibers formed from one or more melt-extruded thermoplastic 
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By way of example only, thermoplastic polymers may include: 
end-capped polyacetals, such as poly (oxymethylene) or 
polyformaldehyde, poly(trichloroacetaldehyde) , polydj- 
valeraldehyde) , poly (acetaldehyde) , poly (propionaldehyde) , 
and the like; acrylic polymers, such as poly(ethyl acrylate) , 
poly (methyl methacrylate) , and the like; fluorocarbon 
polymers, such as perf luorinated ethylene-propylene copoly- 
mers, ethylene-tetrafluoroethylene copolymers, poly(chloro- 
trif luoroethylene) , ethylene-chlorotrif luoroethylene 

copolymers, poly ( vinylidene fluoride), poly (vinyl fluoride), 
and the like; polyamides, such as poly (6-aminocaproic acid) 
or poly(8-caprolactam) , poly (hexamethylene adipamide) , 
poly(hexamethylene sebacamide) , poly ( ii-aminoundecanoic 
acid), and the like; polyaramides , such as poly (imino-1, 3- 
phenyleneiminoisophthaloyl) or poly (ffi-phenylene isophthal- 
amide), and the like; parylenes, such as poly-p-xylylene , 
poly(chloro-E-xylylene) , and the like; polyaryl ethers, such 
as poly(oxy-2,6-dimethyl-l,4-phenylene) or poly (p-phenylene 
oxide), and the like; polyaryl sulfones, such as poly(oxy- 

1, 4-phenylenesulf onyl-1, 4-phenyleneoxy-l, 4-phenylene- 
isopropylidene-l,4-phenylene) , poly(sulfonyl-l,4- 
phenyleneoxy-l , 4-phenylenesulf ony 1-4 , 4 • -biphenylene) , and the 
like; polycarbonates, such as poly (bisphenol A) or 
poly (carbonyldioxy-1 , 4-phenyleneisopropylidene-l , 4-phenyl- 
ene), and the like; polyesters, such as poly (ethylene 
terephthalate) , poly ( tetramethy lene terephthalate) , poly- 
(cyclohexylene-l,4-dimethylene terephthalate) or poly(oxy- 
methy lene-l , 4 -cyclohexy lenemethyleneoxyterephthaloy 1 ) , and 
30 the like; polyaryl sulfides, such as poly (fi-pheny lene 
sulfide) or poly(thio-l,4-phenylene) , and the like; poly- 
imides, such as poly (pyromellitimido-1, 4-phenylene) , and the 
like; polyolefins, such as polyethylene, polypropylene, 
poly(i-butene) , poly(2-butene) , poly(i-pentene) , poly(2- 
pentene), poly (3-methyl-l-pentene) , poly (4-methyl-l-pentene) , 
1,2-poly-i, 3 -butadiene, l, 4 -poly- i, 3 -butadiene, polyisoprene. 
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polychloroprene, polyacrylonitrile, poly (vinyl acetate), 
poly(vinylidene chloride), polystyrene, and the like; 
copolymers of the foregoing, such as a polypropylene- 
ethylene, polypropylene -polyethylene, polyethylene-polyvinyl 
5 alcohol, acrylonitrile-butadiene-styrene (ABS) copolymers, 
and the like. 

The first functional zone 58 may be formed from a nonwoven 
fabric formed from melt-extruded thermoplastic polymer fibers 

10 having an average diameter of between about 10 nn to about 50 
^m, and particularly between about 10 fim to about 30 /im and 
has a basis weight of at least about 8.5 g/m2 (0.25 ounces 
per square yard (osy) ) and a density of at least about 0.01 
g/cm3. More particularly, the basis weight and density may 

15 range from between about 8.5 g/m^ to about 340 g/m2 (about 
0.25 to about 10.0 osy) and about 0.01 to about 0.15 g/cm^, 
respectively, and still more particularly from between about 
17 g/m2 to about 170 g/m2 (about 0.5 to about 5 osy) and 
about 0.01 to about 0.1 g/cm^, respectively and still more 

20 particularly from between about 34 g/m^ to about 102 g/m2 
(about 1.0 to about 3 osy) and about 0.01 to about 0.08 
g/cm3, respectively. The fibers forming the first functional 
zone 58 may further include a hydrophilic external or 
internal additive. Alternatively, the first functional zone 

25 58 may be formed from a porous thermoplastic film having a 
hydrophilic internal additive or a porous foam having a 
hydrophilic internal additive. Such hydrophilic additives 
are described in U.S. Patent Application 08/242,948, which is 
assigned to the Kimberly-Clark Corporation, the assignee of 

30 record for this U.S. Patent Application, which is herein 
incorporated by reference in its entirety. 

Desirably, the first functional zone 58 is a nonwoven fabric 
which may be formed by a variety of processes including, but 
35 not limited to, air laying processes , wet laid processes, 
hydroentangling processes, spunbonding, meltblowing, staple 

23 
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fiber carding and bonding, and solution spinning. It has been 
found that nonwovens formed, from polyolef in-based fibers are 
particularly well-suited for the above applications, m one 
embodiment, the fibers of the first functional zone 58 are 
> formed by spunbonding such that the resulting fibers are 
substantially continuous. 

There are several types of polymer fibers useful for forming 
the first functional zone 58. Such fibers may be homo- 
polymeric, co-polymeric, bi-or multi-component polymeric or a 
blend of polymers. Polymers particularly well suited for 
forming such fibers include, for example, polyolefins, 
polyesters, such as PET, PVT and PBT, rayon, and polyamides 
such as nylons. More particularly, examples of suitable 
15 polyolefins include polypropylene, polyethylene, and polymer 
combinations such as polypropylene/polyethylene, 

polypropylene /ethylene and polypropylene/polybutylene. 
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When the first functional zone 58 is a porous film, said 
porous film may be formed by any one of several porous film 
forming processes Icnown to those skilled in the art. When 
the first functional zone 58 is a porous foam, said porous 
foam may be formed by any one of several foam forming 
processes known to those skilled in the art. 

The second functional zone 60 may be formed such that the 
surface energy and/or pore size of the second functional zone 
60 differs from the first functional zone 58. Generally, it 
is desirable that the pore size and/or the surface energy of 
the first functional zone 58 be greater than the pore size 
and/or the surface energy of the second functional zone 60. 
In this way, the second functional zone 60 may receive and 
distribute the aqueous liquid from the first functional zone 
58. 
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The second fxinctional zone 60 may also be formed from the 
melt-extruded thermoplastic fibers described for forming the 
fibers of the first functional zone 58. More particularly, 
the second functional zone 60 may be a nonwoven fabric or web 
5 formed from melt-extruded thermoplastic fibers which are 
formed by meltblowing. The fibers of the second functional 
zone 60 may have a basis weight of at least about 8 .47 g/m2 
(©•25 osy) and a density of at least about 0.01 g/cm^. More 
particularly, the basis weight and density may range from 

10 between about 8.5 g/m^ to about 340 g/m^ (about 0*25 to about 
10.0 osy) and about 0.01 to about 0.15 g/cm^, respectively, 
and still more particularly from between about 17 g/m^ to 
about 170 g/m2 (about 0.5 to about 5 osy) and about 0.01 to 
about 0.1 g/cm^, respectively and still more particularly 

15 from between about 34 g/m^ to about 102 g/m^ (about 1.0 to 
about 3 osy) and about 0.01 to about 0.08 g/cm^, 
respectively . 

In some embodiments, the thermoplastic fibers forming the 
20 second functional zone 60 may have an average diameter range 
from between about 0.2 to about 10 Mm. The fibers forming 
the second functional zone 60 may also be formed from natural 
fibers, such as for example, cellulose fibers, wood pulp 
fibers, regenerated cellulose, cotton fibers, hydroentangled 
25 fluff pulp, fluff pulp, tissue and the like. Additionally, 
fibers forming the second functional zone may also be formed 
from a combination of synthetic fibers and natural fibers. 

Additionally, the thermoplastic fibers forming the second 
30 functional zone 60 may also be bi- or mult i -component fibers. 
Bi- or multi-component thermoplastic fibers and methods of 
maJcing the same are disclosed in U.S. Patent No.s 5,238,733, 
5,232,770, 4,547,420, 4,729,371, and 4,795,668, all of which 
are assigned to Minnesota Mining and Manufacturing Company 
35 and are herein incorporated by reference. 
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The third functional zone 62 may be formed from loose natural 
and/or synthetic fibers in combination with absorbent 
material. In the case of the present invention, a portion of 
the absorbent material, either absorbent particles and/or 
i fibrous absorbent material, may be arranged in at least one 
size gradient within the third functional zone 62. Fibers 
suitable for use in the third functional zone 62 include 
cellulose fibers, hydrophilic-treated melt-extruded fibers, 
wood pulp fibers, regenerated cellulose, cotton fibers, or 
mixtures thereof. In many instances, the desired materials 
used in the third functional zone 62 of many absorbent 
articles are wood pulp fluff and hydrophilic-treated melt- 
extruded fibers. An important function of the third 
functional zone 62 is to provide liquid storage capacity for 
15 the absorbent article 56. 

In operation, liquid contacting the first functional zone 58 
of the absorbent article 56 quickly enters the first 
functional zone 58 and is tirged toward the second functional 
zone 60. Within the second functional zone 60, the liquid is 
distributed and urged toward the third functional zone 62. 
Desirably, the liquid flow characteristics of the absorbent 
article 56 are such that liquid at the interface between 
zones 60 and 62 becomes absorbed and retained within the 
25- third functional zone 62. The fourth functional zone 64 
prevents any liquid from leaking out of the absorbent 



In addition to exposing the absorbent particles to 
electrostatic charging, other portions of the absorbent 
article, such as loose fibers, fiber webs, foams, and films, 
may also be electrostatically charged. For example, the 
absorbent particles may be coupled to loose fibers or a web 
if the polarity of the charge on the fibers or web is 
35 opposite to the polarity of the charge on the absorbent 
particles. In another case, the loose fibers or web may be 
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charged such that the fibers or web repel the absorbent 
particles. In the first case, coupling the absorbent 
particles to the fibers and/or web may not only improve 
liquid distribution and uptake but may also reduce vibration 
5 induced absorbent particle segregation within the absorbent 
article. Such vibrational sources include shipping and 
handling vibration. 

There are many techniques for charging fibers and webs. The 
10 fibers and webs may be charged by any suitable charging 
process known to those skilled in the art. For example, 
corona charging processes, such as the corona charging 
process employed in the gradient forming chambers described 
herein, may be used to charge fibers and webs. Another 
15 technique for charging webs is disclosed in U.S. Patent 
Application No. 07/958,958 filed October 9, 1992 which is 
assigned to the University of Tennessee, and is herein 
incorporated in its entirety by reference. 



Referring now to FIG.s 3 and 4, portions of the electrostatic 
separator 20 have been removed and other portions enlarged 
for clarity of illustration. Additionally, the gradient 
forming chamber 50 is now positioned above a continuous belt 
or forming wire 66. Between the plates 54 and 55 and above 
the continuous belt 66 is a support layer 68. The support 
layer 68 is generally piloted between the plates 54 and 55 by 
the continuous belt 66. In this way, absorbent particles 
exiting the -gradient -forming chemb&r 50 are received and 
supported on the support layer 68. 



In one embodiment, the support layer 68 may form part of the 
absorbent article 56. For instance, the support layer 68 may 
be a liquid impervious layer, such as a film, which is 
incorporated into the fourth functional zone 64 of the 
35 absorbent article 56. In another embodiment, the support 
layer 68 may be a fibrous layer which, upon combination with 
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the absorbent particles, forms a portion of the third 
functional zone 62. In another embodiment, the support layer 
68 may be formed from tissue. Or, in yet another embodiment, 
the support layer 68 may form part of the continuous belt 66. 
The absorbent particles may be further conveyed via the 
support layer 68 to another location for combination with 
another part of the absorbent article, such as, for example, 
loose fibrous materials. 



20 



10 Referring now to FIG. 4, as previously discussed, upon the 
application of sufficient voltage to the wire 52, an electric 
field is formed within the gradient forming chamber 50. As 
the particles within an absorbent particle stream exit the 
discharge opening 48 of the channeling structure 40 and 
15 travel through the gradient forming chamber 50, the particles 
are deflected toward either the plate 54 or the plate 55. The 
smaller particles within the particle stream are accelerated 
toward either the plate 54 or the plate 55 more rapidly than 
the larger particles. As the particle stream expands and 
contacts the support layer 68, a fine-to-coarse particle size 
gradient is formed thereon in a direction from point B to 
point A, and a coarse-to-f ine particle size gradient is 
formed thereon in a direction from the point A to point C. it 
should also be noted that the strength of the electric field 
generated within the gradient forming chamber 50 is not 
uniform. In the instance where a sufficiently high voltage 
is applied to the wire 52, the electric field strength within 
the gradient forming chamber 50 is strongest near the wire 52 
and weakest near the plates 54 and 55. 

30 

Referring now to FIG. 5, a forming chamber 50A is 
illustrated. The forming chamber 50A includes the pair of 
spaced apart plates 54 and 55 and a plate 54A positioned 
therebetween and generally above the center point A of the 
35 support layer 68. Located within the forming chamber 50A and 
positioned near the upper end of the plate 54 is a wire 52 A 
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and near the upper end of the plate 55 is a wire 52B. 
Positioned above each wire, 52A and 52B, and between each 
said wire 52A and 52B and the plate 54A is a channeling 
structure, either 4 OA or 4 OB. Each channeling structtire, 4 OA 
5 and 4 OB, is provided with a receiving opening 44 and a 
discharge opening 48* The support layer 68 and the forming 
vire 66 are positioned at the base of the forming chamber 
50A, generally below the plates 54, 55 and 54A. 

10 Upon the application of sufficient voltage to the forming 
chamber 50A, a pair of electric fields may be formed when the 
EFIS includes the wires 52A and 52B and plates 54 and 55 and 
the EFRS includes the plate 54 A. In this instance, upon the 
absorbent particle stream exiting the channeling structure 

15 40A and traversing the gradient forming chamber 50A, a 
coarse-to-fine particle gradient would be formed in a 
direction from the point B toward the point A on the support 
layer 68. Furthermore, in addition to the gradient structure 
formed by an absorbent particle stream exiting the channeling 

20 structure 4 OA, an absorbent particle stream exiting the 
channeling structure 40B would form a coarse-to-fine particle 
gradient in a direction from the point C towards the point A. 

It should be further noted that one of the factors which 
25 affects the amount of particulate material deposited on and 
supported by the support layer 68 directly beneath the plate 
54A is the dimension of the plate 54A, and particularly the 
thickness of the bottom portion of the plate 54 A. For 
example, if the bottom portion of the plate 54A was 
30 sufficiently flared or widened (not shown) , the above 
described coarse- to-fine gradients formed on the support 
layer 68 would be separated by a substantially absorbent 
particle-free zone. The absorbent particle-free zone would 
generally be located around point A and below the bottom of 
35 the plate 54 A. 
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Referring now to FIG. 6, the gradient forming chamber SOB is 
similar to the gradient forming chamber 50 illustrated in 
FIG. 4 except that the chamber 50B includes wires 52D and 
52E. By applying a voltage of the same polarity to the wire 
> 52 and to one or both of the wires 52D and 52E, the EFIS 
extends further downward into the chamber 50B than the EFIS 
consisting of the single wire 52 (FIG. 4). As such, 
absorbent particles flowing past the wires 52, 52D and 52E 
traverse multiple electric fields and are thus charged and 
deflected multiple times. The effect of multiply charging 
the descending absorbent particles would be to deflect more 
of the larger particles toward points B and C on the support 
layer 68. it will be understood that one may vary the 
distance between the wires, the number of wires and the 
15 voltage applied to each wire to achieve a particular desired 



Turning now to FIG. 7, a gradient forming chamber 50C is 
illustrated which is similar to the forming chamber SOB 
except that the wires 52D and S2E are removed and replaced by 
a conductive plate 54B which is positioned below the wire 52. 
In the instance where the distance between the wire 52 and 
the plate 54B is sufficiently small, and a sufficiently high 
voltage is applied to the wire 52 an electric potential may 
be induced on the plate 54 B. As such, descending charged 
absorbent particles would not only be deflected by the 
electric field formed by the wire 52 but also by the electric 
field formed by the plate 54B. in some instances, the 
gradient forming chamber 50C may provide a particle size 
gradient having a more uniform and thus more desirable 
particle size distribution than the particle size gradient 
formed by the gradient forming cheunber 50 or SOB (FIG.s 4 and 
6, respectively). The difference in the particle size 
gradients may result from the formation of a more uniform 
35 electric field between the EFIS and the EFRS within the 
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chamber 50C as compared to the electric field within the 
chambers 50 and 50B. 

Purthennore, depending upon the dimensions of the plate 54B, 
5 and particularly the thickness of the bottom portion of the 
plate 54B, a substantially absorbent particle-free zone may 
be formed along a portion of the support layer 68* For 
example, when the EFIS includes the wire 52 and the plate 54B 
and the EFRS includes the plates 54 and 55, an absorbent 

10 particle stream traversing the gradient forming chamber 50C 
and depositing on the support layer 68 would form a first 
fine- to-coarse size gradient in a direction from point B to 
the plate 54B and a second fine- to-coarse size gradient in a 
direction from point C to the plate 54B. Between these first 

15 and second size gradients and located generally around the 
point A would be a substantially absorbent particle-free 
zone . 

Referring now to FIG. 8, a gradient forming chamber 50D is 

20 illustrated. The gradient forming chamber 50D is 

substantially similar to the gradient forming chamber 50C 
(FIG; 7) with the exception that the wire 52 and the plate 54B 
are replaced by a conductive plate 54C. The plate 54C is 
provided with an upper, pointed edge 57. As previously 

25 discussed with reference to FIG. 1, while the radius of 
curvature of the wire 52 may affect the corona discharge and 
the electric field within the gradient forming chamber 50, so 
too will the radius of curvature of the pointed edge 57 of 
the plate 54C affect the corona discharge and the electric 

30 field within the gradient forming chamber 50D. The absorbent 
particle size gradients formed by the chamber 50C may also be 
formed by the chamber 50D. The possible advantages of the 
singular design of the plate 54C over the free standing wire 
52 and plate 54B combination illustrated in FIG. 7 include 

35 durability, electric field uniformity and ease of maintenance 
and adjustment within the chamber SOD. 
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Referring now to FIG. 9, a gradient forming chamber 50E is 
illustrated. The EFIS of the gradient forming chamber 50E is 
a pair of plates 70 and 72. The EFRS includes plate 54D 
which is positioned between the plates 70 and 72. The 
discharge opening 48 of a channeling structure 40 is position 
adjacent the upper edge of each of the plates 70 and 72. Upon 
the application of sufficiently high voltage to the plates 70 
and 72, first and second electric fields are formed within 
the gradient forming chamber 50E. In this instance, as the 
absorbent particle streams traverse the length of the 
gradient forming chaml)er 50E and become charged and 
deflected, a coarse-to-fine-to-coarse size gradient is 
formed. One of the coarse zones begins near the edge of the 
support layer 68 which is indicated by point B and the other 
coarse zone begins near the edge of the support layer 68 
which is indicated by point C. The fine zone is generally 
located about the center region of the support layer, 
indicated by the point A and between the coarse zones. 



Referring now to FIG. 10, a gradient forming chamber 50F is 
illustrated. The gradient forming chamber 50F is similar to 
the gradient forming chamber 50 (FIG. 4) except as to the 
orientation of the plates 54 and 55. In this instance, the 
tops of the plates 54 and 55 are angled towards or converge 
toward each other and the bottoms of the plates 54 and 55 are 
angled away from or diverge from each other. Assuming that 
the distance between the bottom of the plates 54 and 55 
illustrated in FIG.s lO and 4 are similar, by angling the 
tops of the plates 54 and 55 toward the wire 52, the distance 
between the tops of the plates 54 and 55 and the wire 52 
within the chamber 50F (FIG. lO) is less than the distance 
between the tops of the plates 54 and 55 and the wire 52 
within the chamber 50 (FIG. 4). m this way, an electric 
field of sufficient strength to form a particle size gradient 
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may be generated at lower applied voltages on the wire 52 of 
the chsunber 50F than on the wire 52 of the chamber 50. 

FIG. 11 illustrates a gradient forming chamber 50G for 
5 forming a fine-to-coarse and a coarse-to-fine particle size 
gradients on the support layer 68 with substantially no 
particles between the respective coarse zones. In this 
instance, the EFIS includes the wires 52A and 52B and plate 
54G and the EFRS includes the plates 54 and 55. 

10 

A pair of channeling structures 40 are positioned above the 
chamber 50G. One of the discharge openings 48 of one of the 
channeling structures 40 is positioned such that a particle 
stream (not shown) exiting therefrom passes between the wire 

15 52A and the plate 54. The other discharge opening 48 of the 
other channeling structure 40 is positioned such that a 
particle stream (not shown) exiting therefrom passes between 
the wire 52B and the plate 55. In this way, upon the 
application of sufficient voltage to the wires 52A and 52B, 

20 the fine particle zones generally extend inwardly from the 
respective edges of the support layer 68 (points B and C) and 
the coarse particle zones extend outwardly from either side 
of the center (point A) of the support layer 68. 
Additionally, voltage may also be applied to or induced on 

25 the plate 54G. 

FIG. 12 illustrates a gradient forming chamber 50H which is 
substantially similar to the gradient forming chamber 50 
illustrated in FIG. 4 except that a baffled structxire 74 is 

30 positioned between the bottom of the chamber 5 OH and the 
support layer 68. The baffled structure 74 includes a 
plurality of through-conduits, i.e., T, T», U, U», V, V», W, 
W», X, X* , Y, and Y' which are defined by the respective wall 
pairs g-f, f'-g', f-e, e'-f«, e-d, d«-e», d-c, c»-d*, c-b, 

35 b • -c » , b-a and a • -b • . 
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A cavity Z, defined by the wall pair a-a« is closed to the 
forming chamber by an obstructive structure, such as a cap 
76. In this way, particles traversing the chamber 50H are 
prevented from entering the cavity 2 and thus generally do 
not become deposited between points A and B on the support 
layer 68. It will be understood that the obstructive 
structure 76 may be formed such that it may be removed so 
that particles may enter the cavity Z and be deposited on the 
support layer 68 between points A and B. Additionally, it 
will be understood that particle traversal through one or 
more of the conduits T through Y and T* through Y' may be 
prevented by positioning one or more similar obstructive 
structures at the top of and between the defining walls of 
such conduits. In this way, particle free zones, and 
particularly particle free zones between particle zones, may 
be formed along selected regions of the support layer 68. 

Assuming for the moment that the obstructive structure 76 is 
removed, the baffled structure 74 may be positioned between 
the chamber 50H and the support layer 68 when it is desired 
to expand the particle coverage on the support layer 68 
without adjusting the distance between the plates 54 and 55. 
It will be understood that while the baffled structure 74 
expands the particle coverage, employing a structure 
a gradient forming chamber and a support layer to 
the particle coverage on the support layer without 
the distance between the plates 54 and 55 is now made 
to one skilled in the art. That is, the baffles 
angled inwardly as opposed to outwardly as is sho«m. 




It will be understood that while 
and a'-g' are illustrated as 
varying the distance between the 
respect to each other will 
35 absorbent particles on the support 



tops of the walls a-g 
equal ly spaced , 
of such walls with 
the distribution of 
68. 



34 



* » 



wo 96/17569 PCT/US9S/15488 

FIG.s 13 and 14 illustrate two exnbodiments for combining 
particulate material formed in size gradients according to 
the above described methods with the above described fibrous 
materials. The two embodiments function similarly except 
5 that, as will be described in greater detail below, the 
fibers and the absorbent particles are combined prior to 
deposition on the forming wire by the eiobodiment illustrated 
in FIG. 13 and are separately deposited on the forming wire 
by the embodiment illustrated in FIG. 14. 

10 

Referring now to FIG. 13, a forming wire/ support layer 78 is 
positioned between an optional vacuxm source 80 and a dual^ 
feed-single-discharge structure 82 . The dual-feed— single- 
discharge structure 82 includes a discharge opening 84, a 
15 first feed conduit 86 in communication with the discharge 
opening 84, and a second feed conduit 88 having a discharge 
opening 90. The discharge opening 90 of the second feed 
conduit 88 communicates with the first feed conduit 86 via a 
connector conduit 92. 

20 

Within the second feed conduit 88 is positioned a gradient 
forming chamber (not shown) and particularly a gradient 
forming chaunber having a baffled structure, and particularly 
a baffled structure generally similar to the embodiment 

25 described with reference to FIG. 12. Positioned within the 
connector conduit 92 and generally extending the length of 
the connector conduit 92, are particle dividers 93 (FIG. 
13A) , and pazrticularly particle dividers which align with the 
walls of the baffled structure. One of the functions of the 

30 particle dividers is to assist in preserving the particle 
distribution formed in the second feed conduit by the 
gradient forming chamber as the expanded particle stream 
contacts the interior lower surface of the connector conduit 
92. The dividers 93 may also be used, in a manner similar to 

35 the through conduits of the baffled structure 74, to 
separate, expand or contract the width of the particle stream 

35 
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and/ or individual particle zones exiting the second feed 
conduit 88. 

In operation, fibrous materials traversing the length of the 
5 first feed conduit 86 are combined therein with a size 
gradient-ordered particle streeun exiting the connector 
conduit 92. The mixture of fibrous material and the size 
gradient-ordered particles is deposited on the forming 
wire/support layer 78. If it is desired to vacuum urge the 
10 fibrous material /particle mixture against the forming 
wire/support layer 78, the forming wire/support layer 78 
should be sufficiently porous to permit a sufficient amount 
of air flow through the mixture without removing significant 
amounts of such mixture. 

15 

As previously discussed, the fibrous materials may be 
charged, and more particularly, may be charged with a 
polarity opposite to the polarity of the absorbent particles. 
If charging the fibrous materials is desired, the fibrous 

20 materials may be charged prior to being introduced into the 
first feed conduit 86. * Alternatively, the fibrous materials 
may be charged with the desired polarity within the first 
feed conduit 86 by positioning a charging means, such as a 
corona discharge source, within the first feed conduit 86 and 

25 generally above the discharge opening of the connector 
conduit 92. 

Referring now to FIG. 14, the forming wire/support layer 78 
is positioned between the optional vacuum source 80 and a 

30 dual-feed-dual-discharge structure 94. The dual- feed-dual- 
discharge structure 94 includes first and second feed 
conduits, 96 and 98, respectively. The first and second feed 
conduits, 96 and 98, respectively, are similar to the first 
and second feed conduits 86 and 88 except that particles 

35 traversing the conduit 98 are deposited directly onto the 
forming wire/support layer 78 and are not communicated, via a 
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conduit, into the conduit 96. As sucdi, with 
of the connector conduit 92, 
employed and the various e 
respect to FIG. 13 may also be similarly employed 
with respect to the structures illustrated in 



14. 



the 



and 



With respect to FIG. 14, 
being combined with the 
particularly the charging 
conduit 96 above and 



the fibers may be charged 



r to 



means may be positioned 



Still more 
within the 



in addition to forming absorbent particle size gradients 

15 within the absorbent article, the fibers, and particularly 
the fibers which are combined with the absorbent particles, 
may also be formed into fiber size gradients having coarse 
and fine zones. Fiber size gradients may be formed within 
the absorbent article by, for example, melt extruding then 

20 cutting to length one group of synthetic fibers which fall 
within the size range of the above describe fine fiber zone 
and melt extruding then cutting another group of synthetic 
fibers which fall within the size range of the above 
described coarse fiber zone. The individual groups of fibers 

25 may then be metered onto the forming wire or into a feed 
conduit, such as feed conduit 86 (FIG. 13) or feed conduit 96 
(FIG. 14) and then ultimately onto the forming wire. In this 
way, the coarse and fine fiber size gradients may be 
selectively positioned within the absorbent article. 

30 Furthermore, multiple combinations of coarse and fine fiber 
size gradients in combination with coarse and fine absorbent 
particle size gradients may also be formed within the 



35 As previously 

unswollen state have a wide range of normal cross- 



xn an 
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diameters, i.e. generally from about 10 to about 850 /xm. 
During the manufacturing process of an absorbent article 
which includes such absorbent particles^ controlling the 
emission of air-born absorbent particles is a concern. Of 
> particular concern are air-born particles having a cross- 
sectional diameter of about lo fxra or less and particularly 
having a cross-sectional diameter of between about 10 fxm to 
about 1 fim. Therefore, preventing or reducing the quantity 
of absorbent particles becoming air-born and particularly 
preventing or reducing the quantity of absorbent particles 
having cross-sectional diameters of 10 /xm or less from 
becoming air-born is desirable. 

It has been observed, upon the application of sufficient 
voltage to, for example, the gradient forming chamber 50 
(FIG. 4) followed by the introduction therein of a stream of 
absorbent particles, that generally a portion of the smallest 
absorbent particles (cross-sectional diameters of from about 
1 Mm to about 100 §im) within the streaun contacted and 
20 remained fixed to the EFRS. Furthermore, after a period of 
time, the particles adhering to the EFRS began to build up or 



II 



To remove the adhering particles from the gradient forming 
25 chamber, while at the same time minimizing the introduction 
of such particles into the air, the EFRS could be formed from 
a moveable conductive structure (not shown) , more 
particularly a continuous conductive belt, and still more 
particularly a continuous conductive web. The continuous 
30 conductive web, supported by rollers, would generally 
circulate in and out of the gradient forming chamber. In this 
way, the portion of the conductive web within the gradient 
forming chamber to which the absorbent particles are adhering 
may be cycled outside the chamber while another portion of 
the conductive web, substantially free of adhering particles, 
would be entering the gradient forming chamber. Once outside 
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the chamber/ the adhering particles may be removed, such as 
by rinsing, brushing vacuuming, vibrating or any combination 
thereof • 

5 The present invention is further described by the example 

which follows. Such example, however, is not to be construed 
as limiting in any way either the spirit or the scope of the 
present invention. In the example, all parts are by weight, 
unless stated otherwise. 

10 

EXAMPLE 1 
PARTICLE SIZE GRADIENT FORMATION 

Absorbent particle size gradients were formed by using a 
15 gradient forming chamber similar to the gradient forming 
chamber 50 illustrated in FIG. 4. More particularly, the 
gradient forming chamber 50 was 43.18 cm (17 inches) wide by 
7.62 cm (3 inches) in length and 43.18 cm (17 inches) in 
height. The receiving opening 44 of the dual chambered 
20 channeling structure 40 (FIG. IB) was 43.18 cm (17 inches) 
above the wire 52. The wire 52 was formed from stainless 
steel, had a diameter of 0*5 mm (0.020 inches) and spanned 
the 7.62 cm (3 inch) length of the forming chamber. The 
dimension of each of the discharge openings 48 was 1.58 mm 
25 (1/16 inch) wide by 7.62 cm (3 inches) in length and was 
approximately 1.27 cm (1/2 inch) above the wire 52. 

At the bottom of the gradient forming chamber 50 was 
positioned a 9 slot sample tray. With the exception of two 
30 slots, slots 1 and 9, located at the respective ends of the 
S2UBple tray, each of the intermediate slots, slots 2-8, was 
5.04 cm (2 inches) wide. The slots 1 and 9 were 6.35 cm (2.5 
inches) wide. The wire 52 was energized by 60,000 volts from 
a Glassman 60 KV/ 5 mA (30 OW) regulated DC power supply. 

35 
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The absorbent particle saunple used in EXAMPLE l was prepared 
by sieving a quantity (greater than 100 Kg) of FAVOR 870 
absorbent particles. FAVOR 870 absorbent particles are 
polyacrylate absorbent particles which are manufactured by 
Stockhausen. These absorbent particles were sieved into five 
fractions: greater than 630 urn, 630 nm to 420 nm, 420 nm to 
310 tim, 310 urn to 177 fim and less than 177 fm. Equal amounts 
by weight of each fraction were then recombined. A 768 gram 
portion of this recombined mixture was run through the 
gradient forming chamber and collected in the 9 slot sample 



After capture of the 768 gram absorbent particle sample in 
the sample tray, the absorbent particles collected in each of 
15 the 9 slots were separately sieved to determine the fraction 
of particles within the below described size ranges. The 
absorbent particle sizes were grouped into five size ranges 
using U.S. Standard Sieves (ASTM Ell-81 specifications). 
These size ranges were: Extra Large (XL) - greater than 600 
20 urn. Large (L) - 600 ^m to 425 /im, Medixim (M) - 425 Mm to 300 
Mm, Small (S) - 300 Mm to 180 Mm and Extra Small (XS) - 180 
Mm to 75 Mm. The percent by weight of the 768 gram absorbent 
particle sample in each of the above ranges was: XL - 19.6%, 
L - 16.4%, M - 17.8%, s - 21.9% and XS - 22.3%. Particles 
having a size of less than 75 fim accounted for about 2.1% by 
weight of the absorbent particle sample and as such, are not 
graphically illustrated in either FIG. 15 or 16. 



The data was analyzed by two methods. In the first method, 
the distribution of particles within the above defined size 
ranges in each slot was determined. This data is provided in 
TABLE I and illustrated graphically in FIG. 15. In the 
second method of data analysis, the distribution of particles 
within the above defined size ranges across all slots was 
35 determined. This data is provided in TABLE II and is 
illustrated graphically in FIG. 16. 
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TABLE I 

Distribution of Particles in Esch Slot 



5 










Size Ranges 










>600Mm 


60(M2SKin 


425-300Hm 


300-1 80|im 


180-75|tm 


<75)UD 




















1 


2.4% 


4.9% 


10.2% 


26.3% 


51.0% 


5.3% 




2 






16.6% 


28.5% 


30.3% 


2.4% 


10 


3 


14.9% 


17,2% 


20.2% 


27.1% 


19.0% 


1.5% 




4 


28.7% 


22.0% 


21.1% 


18.1% 


9.4% 


0.7% 




5 


35 .2% 


21.8% 


18.9% 


14.6% 


8.8% 


0.7% 




D 




21.2% 


21.2% 


18.5% 


10.2% 


0.8% 




7 


19,5% 


18.8% 


20.9% 


23.8% 


15.8% 


1.2% 


15 


e 


14.9% 


15.7% 


17.5% 


24.7% 


25.0% 






9 


4.6% 

■ 


7.2% 


12.6% 


27.2% 


43.9% 


4 • 4« 
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Distribution of 


Particles Across All Slots 














Size Ranges 










>60(Mun 


600-425|Uii 


425-30Q«un 


300-1BQ|un 


180-75|BB 


< 75|CfQ 




Slot 














25 


1 


1.5% 


3.6X 


7.0X 


14. 6X 


27. 7X 


31. 2X 




2 


2.1X 


3.9X 


4.4X 


6.2X 


6.4X 


5.6X 




3 


6.3X 


8.7X 


9.5X 


10.3X 


7.1X 


6.0X 




4 


24. 2X 


22. 3X 


19.6X 


13.7X 


7. OX 


5.8X 




5 


30.4X 


22.6X 


18.0X 


11. 3X 


6.6X 


5.6X 


30 


6 


19.9X 


18.0X 


16.5X 


11.8X 


6.3X 


5.6X 




7 


8.4X 


9.7X 


9.9X 


9.2X 


6. OX 


4.9X 




8 


4. IX 


5.2X 


5.3X 


6. IX 


6.0X 


5.7X 




9 


3.2X 


6.0X 


9.7X 


17.0X 


26. 9X 


29.5X 
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FIG.s 15 and 16 clearly establish that an absorbent particle 
size gradient was formed across the width of the sample tray. 
For example, referring now to FIG. 15, absorbent particles 
falling within the smallest particle size range (180 y.m to 75 
Mm) accounted for about 50% by weight of all the absorbent 
particles collected in slot no. 1. on the other hand, 
absorbent particles falling within the largest particle size 
range (>600 Mm) accounted for about 2% by weight of all the 
absorbent particles collected in slot no. 1. with continued 
reference to FIG. 15, absorbent particles falling within the 
smallest particle size range accounted for about 9% by weight 
of all the absorbent particles collected in slot no. 5, while 
absorbent particles falling within the largest particle size 
range accounted for about 35% by weight of all the absorbent 
particles collected in slot no. 5. 

Referring now to FIG. 16, about 28% by weight of the 
absorbent particles falling within the smallest particle size 
range were collected in slot no. 1 and about 27% by weight of 
the same sized absorbent particles were collected in slot no. 
9. By contrast, about 2% and 3% by weight of the absorbent 
particles falling within the largest particle size range were 
collected in slot no.s 1 and 9, respectively. As to slot no. 
5, about 7% of the absorbent particles falling within the 
smallest particle size range were present therein, while 
about 30% of the absorbent particles falling within the 
largest particle size range were present therein. 

It is understood that there are many variations which can be 
made to the various embodiments illustrated in FIG.s 1-16. In 
some circumstances, a desired result may be achieved by 
combining two or more of these embodiments to harness the 
benefits of each. In the case of absorbent gradient 
structures, product performance and manufacturing 
35 considerations should determine which embodiment (or 
combination of embodiments) is appropriate for a given 
situation. A plurality of electrostatic separators may also 
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be combined, such as in series, parallel, or s-backed one on 
•top of another , to produce a multiplicity of gradient 
structures. As such, while the invention has been described 
in detail with respect to specific embodiments thereof, it 
5 will be appreciated that those skilled in the art, upon 
attaining an understanding of the foregoing, may readily 
conceive of alterations to, variations of and equivalents to 
these embodiments. Accordingly, the scope of the present 
invention should be assessed as that of the appended claims 
10 and any eqpiivalents thereto. 
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1. An absorbent, article comprising: 

at least one of an absorbent material and a fibrous 
material, at least one of which has been subject:ed to 
corona charging. 

2. The absorbent article according to claim 1 wherein the 
fibrous material is loosely distributed within the 
absorbent article. 

3 . The absorbent article according to claim 1 or 2 , further 
comprising: 

a length dimension, a width dimension and a height 
dimension; and wherein at least one of said materials is 
present in a size gradient in at least one such dimension 
of the absorbent article. 

4. The absorbent article according to any of the preceding 
claims wherein the absorbent material comprises absorbent 
particles. 

5. The absorbent article according to claim 4 wherein the 
absorbent particles comprise multiple-sized absorbent 
articles. 

6. The absorbent article according to any of the preceding 
claims wherein the fibrous material comprises loosely 
distributed fibers. 

7. The absorbent article according to claim 6 wherein the 
loosely distributed fibers comprise multiple-sized, 
loosely distributed fibers. 

8» The absorbent article according to any of claims 4 to 7 
wherein the absorbent particles are water absorbent. 
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9. The absorbent article according to any of claims 4 to 8 
wherein the absorbent particle size gradient Includes a 
coarse particle zone and a fine particle zone. 

10. The absorbent article according to claim 9 wherein the 
coarse particle zone is centrally located in the 
absorbent article. 

11. The absorbent article according to claim 9 or 10 wherein 
the fine particle zone is peripherally located in the 
absorbent article • 

12. The absorbent article according to claim 9 wherein the 
coarse zone is peripherally located in the absorbent 
article. 

13. The absorbent article according to any of claims 6 to 12 
wherein the size gradient includes a coarse fiber zone 
and a fine fiber zone. 

14. The absorbent article according to claim 13 wherein the 
fine fiber zone is peripherally located in the absorbent 
article. 

15. The absorbent article according to claim 13 or 14 wherein 
the coarse fiber zone is centrally located in the 
absorbent article. 

16. The absorbent article according to any of claims 6 to 15 
wherein the absorbent particles are coupled to the 
fibers. 

17. An absorbent article especially according to any of the 
preceding claims, comprising: 

absorbent particles coupled to fibers. 
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18* The absorbent article according to claim 17 wherein the 
absorbent particles are electrostatically coupled to the 



19. The eQ>sorbent article according to claim 17 or 18 
including an absorbent particle size gradient. 

20. The absorbent article according to any of claims 17 to 19 



present in an absorbent particle size gradient. 

21. The absorbent article according to any of claims 17 to 20 
including a fiber size gradient. 
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